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BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates in general to integrated circuits. 

10 Description of the Related Art 

[0002] Some integrated circuits utilize N-channel transistors and P-channel transistors 
having spacer insulating regions adjacent to the gates of these transistors. Typically, the 
spacer insulating regions are the same width for both the N-channel transistors and the 
P-channel transistors. 

15 [0003] The stress of the lattice of a transistor channel may affect performance of a 

P-channel transistor differently than that of an N-channel transistor. Typically, increased 
compressive stress (or reduced tensile stress) on a channel lattice will improve the 
performance (e.g. improved drive current) of a P-channel transistor but decrease the 
performance of an N-channel transistor. 

20 [0004] What is needed is an integrated circuit with improved performance for both 
N-channel and P-channel transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention may be better understood, and its numerous objects, 
features, and advantages made apparent to those skilled in the art by referencing the 
25 accompanying drawings. 

[0006] Figure 1 is a partial cross sectional view of one embodiment of a wafer during a 
stage in the manufacture of an integrated circuit according to the present invention. 

[0007] Figure 2 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 
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[0008] Figure 3 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 

[0009] Figure 4 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 

5 [0010] Figure 5 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 

[0011] Figure 6 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 

[0012] Figure 7 is a partial cross sectional view of one embodiment of a wafer during 
10 another stage in the manufacture of an integrated circuit according to the present invention. 

[0013] Figure 8 is a partial cross sectional view of one embodiment of a wafer during 
another stage in the manufacture of an integrated circuit according to the present invention. 

[0014] Figure 9 is a cross sectional view of one embodiment of a transistor illustrating the 
effects of stress of the structures of the transistor. 

15 [0015] The use of the same reference symbols in different drawings indicates identical 
items unless otherwise noted. The structures shown in the Figures are not necessarily drawn 
to scale. 

DETAILED DESCRIPTION 

[0016] The following sets forth a detailed description of a mode for carrying out the 
20 invention. The description is intended to be illustrative of the invention and should not be 
taken to be limiting. 

[0017] Figures 1-8 show partial cross sectional views of one embodiment of various 
stages of a wafer in the manufacture of an integrated circuit having a P-channel transistor 
with an overall spacer insulating region width greater than that of an N-channel transistor. 
25 With some embodiments, this greater width may provide for a greater compressive channel 
stress or lesser tensile channel stress of the P-channel transistor than that for the N-channel 
transistor. 
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[0018] Figure 1 is a partial cross sectional view of a wafer 101 having an N-channel 
region 113 and a P-channel region 115. In the embodiment shown, wafer 101 includes a 
silicon layer 109 located on an insulative layer 107 (e.g. SiC>2). The insulative layer 107 is 
located on a silicon substrate 105. An isolation trench 1 1 1 is formed in layer 109 to isolate 
5 the N-channel region 1 13 from the P-channel region 1 15 in layer 109. Layer 109 in 

P-channel region 1 15 is doped with an N-type conductivity dopant (N-type dopant) (e.g. 
arsenic, phosphorous), and layer 109 in the N-channel region is doped with a P-type 
conductivity dopant (P-type dopant) (e.g. boron, BF 2 ). 

[0019] Wafer 101 includes a gate dielectric 121 located on silicon layer 109 in N-channel 
10 region 1 13 and a gate dielectric 123 located on silicon layer 109 in P-channel region 1 15. In 
one embodiment, dielectrics 121 and 123 have the same thicknesses and were thermally 
grown from layer 109 after the formation of trench 111. However, in other embodiments, 
dielectrics 121 and 123 may have different thicknesses. Also in other embodiments, 
dielectrics 121 and 123 may be formed by different processes. 

15 [0020] A gate 1 17 is formed on dielectric 121 in N-channel region 113 and a gate 1 19 is 
formed on dielectric 123 in P-channel region 115. In one embodiment, gates 117 and 119 are 
formed by depositing a layer (not shown) of polysilicon over wafer 101, doping the layer in 
the N-channel region 1 13, and then patterning the layer. Wafer 101 may include other gates 
in other P-channel regions and N-channel regions not shown in the Figures. In other 

20 embodiments, the gates may be made of other materials, e.g. metal. 

[0021] After the formation of gates 1 17 and 1 19, a thin sidewall spacer 125 is formed on 
gate 117 and a thin sidewall spacer 127 is formed on gate 119. In one embodiment, spacers 
125 and 127 are formed by depositing a layer of silicon dioxide by chemical vapor deposition 
(CVD) followed by subsequent patterning. In some embodiments, spacers 125 and 127 range 
25 in thickness from 60-150 angstroms. In other embodiments, spacers 125 and 127 may be 
formed by other methods, have other thicknesses, and/or be made of other materials. 

[0022] After the formation of spacers 125 and 127, dopants are implanted into layer 109 
that will be later used to form source/drain extensions. In one embodiment, an N-type dopant 
(e.g. arsenic, phosphorous) is implanted to into regions 129 and 131 while P-channel region 
30 1 15 is masked. In some embodiments, halo implants of P-type dopants (e.g. Boron, BF 2 ) are 
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implanted in layer 109 of N-channel region 1 13 as well. In one embodiment, the extension 
implants are vertical implants, but in other embodiments, may be angled implants. In some 
embodiments, the extension implants may include vertical implants followed by angled 
implants angled from the source side. 

5 [0023] Regions 133 and 135 are doped with P-type dopants (e.g. boron, BF 2 ) by e.g. ion 
implantation while N-channel region 1 13 is masked. In some embodiments, halo implants of 
N-type dopants (e.g. arsenic, phosphorous) may also be made. The extension implants may 
be vertical and/or angled implants. 

[0024] Figure 2 is a partial cross sectional side view of wafer 101 after a sidewall spacer 
213 has been formed next to gate 117 and a sidewall spacer 217 has been formed next to gate 
1 19. In the embodiment shown, a dielectric 211 (e.g. CVD deposited silicon oxide) is 
deposited over wafer 101 as a liner prior to the formation of spacers 213 and 217. In one 
embodiment, dielectric 211 has a thickness in the range of 60-200 angstroms (e.g. 80 
angstroms). Dielectric 21 1 is formed on spacers 125 and 127, which are not shown in Figure 
2 (or in subsequent Figures). 

[0025] A layer of spacer material (e.g. nitride, oxide, silicon oxynitride) is deposited on 
dielectric 211 (e.g. by a CVD type process). In one embodiment, the layer of spacer material 
may have a thickness ranging from 300 angstroms to 700 angstroms, but may be of other 
thicknesses in other embodiments. Wafer 101 is then subjected to a dry etch that results in 
spacers 213 and 217 remaining from the layer of spacer material. During the dry etch, the 
thickness of the exposed portion of dielectric 21 1 is also reduced. In other embodiments, 
spacers 213 and 217 may be formed by other processes and/or be made of other materials. 
For example, spacers 213 and 217 may be made from other materials that are selectably 
etchable from the liners. In some embodiments, spacers 213 and 217 at their bases have a 
width in the range of 200-500 angstroms, but may be of other widths in other embodiments. 

[0026] Figure 3 is a partial cross sectional side view of wafer 101 after sidewall spacer 
321 has been formed adjacent to spacer 213 and sidewall spacer 327 has been formed 
adjacent to spacer 217. In the embodiment shown, a dielectric 319 (e.g. CVD deposited 
silicon oxide) is deposited over wafer 101 as a liner. In one embodiment, dielectric 319 has a 
30 thickness in the range of 60-200 angstroms. A layer of spacer material (e.g. nitride, oxide, 
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silicon oxynitride) is deposited on dielectric 319. The wafer is then subjected to dry etch that 
results in spacers 32 1 and 327 remaining from the layer of spacer material. During the dry 
etch, the thickness of the exposed portion of dielectric 3 19 is also reduced. In other 
embodiments, spacers 32 1 and 327 may be formed by other methods and/or made by other 
5 materials. In some embodiments, spacers 321 and 327 at their bases have a width in the range 
of 200-500 angstroms, but may be of other widths in other embodiments. 

[0027] Referring to Figure 4, a mask 403 is formed over N-channel region 1 13 to mask 
region 113. In one embodiment, mask 403 is formed of a patterned layer of photo resist. 

[0028] Regions 407 and 409 of layer 109 are then implanted with a P-type dopants (e.g. 
10 boron, BF2) by ions 405. In one embodiment, the ions are boron ions implanted at an energy 
of 5-10 KeV. The dopant implanted into regions 409 and 407 will be utilized to form the 
deep source/drain regions of a P-channel transistor (transistor 823 in Figure 8) formed in 
P-channel region 115. Ions 405 may be implanted vertically and/or at an angle. 

[0029] Referring to Figure 5, mask 403 is removed and a mask 503 is formed over 
15 P-channel region 1 15. Regions 511 and 509 of layer 109 are implanted with N-type dopants 
(e.g. arsenic, phosphorous) by ions 507. In one embodiment, the ions 507 are phosphorous 
ions implanted at an energy of 10-20 KeV. The dopant implanted into regions 509 and 51 1 
will be utilized to form the deep source/drain regions of an N-channel transistor (transistor 
821 in Figure 8) formed in N-channel region 115. Ions 507 may be implanted vertically 
20 and/or at an angle. 

[0030] Referring to Figure 6, after spacer 321 has been removed (e.g. by a dry selective 
etch), another implant of N-type dopants (e.g. arsenic, phosphorous) is made into regions 609 
and 61 1 of layer 109 by ions 607. The dopants implanted into regions 609 and 61 1 are 
utilized to improve the series resistance of the source/drain regions (e.g. 703 and 705 in 
25 Figure 8) of an N-channel transistor (821 in Figure 8) formed in region 1 13. In one 

embodiment, ions 607 are arsenic ions implanted at an energy in the range of 20-50 KeV. 
Ions 607 may be implanted vertically and/or at an angle. 
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[0031] In other embodiments, ions 507 would be implanted after the removal of spacer 
321 where the implanting of ions 607 would be omitted. In other embodiments, the 
implanting of ions 607 may be omitted. 

[0032] Referring to Figure 7, after the removal of mask 503, the dopants in layer 109 are 
5 activated to form the source/drain regions of the transistors of regions 113 and 115. The 
dopants in region 509, region 609, and region 129 are activated to form source/drain region 
703. The dopants in region 511, region 611, and region 131 are activated to form 
source/drain region 705. The dopants of region 409 and region 133 are activated to form 
source/drain region 707, and the dopants of region 407 and region 135 are activated to form 
10 source/drain region 709. In one embodiment, the dopants are activated by rapid thermal 
annealing of wafer 101 at temperatures in the range of 1000 - 1 100 C. 

[0033] In subsequent processes, wafer 101 is subject to a wet etch to remove exposed 
remaining portions of dielectric 211 and dielectric 319. 

[0034] Referring to Figure 8, silicide region 803 is formed in source/drain region 703, 
15 silicide region 805 is formed in source drain region 705, and silicide region 815 is formed in 
the top portion of gate 117. Silicide region 807 is formed in source/drain region 707, silicide 
region 809 is formed in source/drain region 709, and silicide region 817 is formed in the top 
portion of gate 119. In one embodiment, these silicide regions are formed by depositing a 
metal layer (e.g. cobalt, nickel) over wafer 101 and reacting the metal layer with exposed 
20 silicon. 

[0035] Wafer 101 may include other P-channel transistors with similar spacer insulating 
region widths and source/drain silicide region to gate distances as that shown and described 
for transistor 823. Wafer 101 may include other N-channel transistors with similar spacer 
insulating region widths and source/drain silicide region to gate distances as that shown and 
25 described for transistor 82 1 . 

[0036] In subsequent processes, other structures (not shown) are formed on wafer 101 
including e.g. dielectrics, interconnects, and external terminals. The wafer is then signulated 
into multiple integrated circuits. 
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[0037] As shown in Figure 8, the distance between gate 1 17 and silicide region 803 is less 
than the distance between silicide region 807 and gate 1 19 due to the removal of spacer 321 
(see Figure 6). Accordingly, the thickness of the spacer insulating region (e.g. sidewall spacer 
213 and dielectric 21 1 in the embodiment shown) of N-type transistor 821 is less than the 
5 spacer insulating region (e.g. spacer 327, dielectric 3 19, spacer 217, and dielectric 21 1 in the 
embodiment shown) of P-channel transistor 823. 

[0038] In some embodiments, the increased width of the spacer insulating region (and 
increased distance between the source/drain silicide region and the gate) of P-channel 
transistor 823 acts to provide a relative increase in the compressive stress (or relative decrease 
10 in tensile stress) on the channel region of the P-channel transistor relative to the stress on the 
channel region of N-channel transistor 821. This differential in stress may allow for 
performance improvement in one or both of the N-channel transistor and P-channel transistor 
over an integrated circuit having equal spacer insulting region widths for the N-channel and 
P-channel transistors. 

15 [0039] In some embodiments, the difference in spacer insulating region widths between 
the N-channel transistors and the P-channel may range from 50 angstroms to 1000 angstroms. 
However, other embodiments, the difference may be of other thicknesses. 

[0040] Figure 9 is a cross sectional side view of a transistor showing stresses on transistor 
structures and their effect on the channel region of the transistor. Transistor 901 includes a 
20 spacer insulating region 907 adjacent to gate 903. Region 907 includes at least one spacer 
and may include one or more liners as well. Silicide region 904 is formed in gate 903 and 
silicide regions 911 and 913 are located in substrate 902 adjacent to region 907. 

[0041] In one embodiment, spacer insulating region 907 includes at least one spacer that 
is tensile due to process induced stresses. For example, a silicon nitride film deposited by a 

25 low pressure CVD process may have an intrinsic tensile stress of 750 MPa. This tensile stress 
acts to provide a force to pull the spacer inward (see arrows 915 and 916). This inward force 
acts to provide a tensile stress on gate 903 (see arrows 917 and 918). This tensile stress on 
gate 903 provides a relatively compressive stress on channel 912 (see arrows 921 and 922). 
Making the width of spacer insulating region 907 wider provides more mass to the region, 

30 which may act to increase the tensile stress (as shown by arrows 917 and 918) on gate 903 
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and thereby increase the relative compressive stress (as shown by arrows 921 and 922) on 
channel region 912. 

[0042] In addition, silicide regions 911 and 913 may be tensile due to thermal expansion 
mismatch between the silicides and the silicon of substrate 902. This tensile stress (as shown 
5 by arrows 927 and 928) acts to provide a tensile stress (as shown by arrows 930 and 931) on 
channel region 912. Increasing the spacing between the source/drain silicide region and the 
channel region acts to reduce the relative tensile stress on the channel region due the stress of 
the source/drain silicide region. 

[0043] Accordingly, providing a transistor with a greater spacer insulating region width 
10 and a greater distance from the source/drain silicide region and the channel region may 

provide a transistor with a relatively more compressed channel region, which may result in 
improved P-channel transistor performance. Conversely, providing a transistor with a smaller 
spacer insulating region width and a smaller distance from the source/drain silicide region and 
the channel region may provide a transistor with a relatively more tensile channel region, 
15 which may result in improved N-channel transistor performance. 

[0044] The ability to differentiate the relative channel stress of the P-channel and 
N-channel transistors may be advantageous for circuits built in structures (e.g. a wafer with a 
silicon on insulator configuration) where transistor performance may be channel stress 
sensitive. 

20 [0045] Although the features set forth above have been described for a wafer with a 

silicon (e.g. 109) on an insulator (e.g. 107) configuration, such features may be implemented 
with other types of wafers e.g. bulk silicon or wafers having other types of silicon on insulator 
configurations. 

[0046] Also, transistors with differences in spacer insulating widths and differences in the 
25 distance between the source/drain silicide region and gate may be made by other processes. 
For example, in some embodiments, P-channel region 115 may be masked (e.g. with mask 
503) prior to N-channel region 1 13 being masked (e.g. with mask 403) wherein spacer 321 
would be removed prior to implanting ions 405. Also, in some processes, the spacer 
insulating region may not include liners. 
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[0047] In other embodiments, a difference in spacer insulating region widths and a 
difference between a source/drain silicide region and gate may be achieved by making spacers 
of different widths for the N-channel transistors and the P-channels transistors. 

[0048] In some embodiments, the thickness of the liner may affect channel stress. In 
5 some embodiments, the thinner the liner, the more tensile the channel region. For example, 
reducing the thickness of dielectric 2 1 1 (see Figure 2) may increase tensile stress in the 
channel. 

[0049] In one embodiment of the present invention, an integrated circuit includes a 
substrate, a first gate of an N-channel transistor over the substrate, a second gate of a 
10 P-channel transistor over the substrate, a first spacer insulating region adjacent to the first 
gate having a first width at its base, and a second spacer insulating region adjacent to the 
second gate having a second width at its base. The second width is greater than the first 
width. 

[0050] In another embodiment of the invention, an integrated circuit includes a substrate, 
15 a first gate of an N-channel transistor over the substrate, and a second gate of a P-channel 

transistor over the substrate. The integrated circuit also includes a first silicide region in the 
substrate for the N-channel transistor. The first silicide region is a first distance from the first 
gate. The integrated circuit further includes a second silicide region in the substrate for the 
P-channel transistor. The second silicide region is a second distance from the second gate. 
20 The second distance is greater than the first distance. 

[0051] In another embodiment of the invention, a method includes providing a substrate 
and forming, over the substrate, a first gate for an N-channel transistor and a second gate for a 
P-channel transistor. The method also includes forming a first sidewall spacer for the 
N-channel transistor lateral to the first gate and a second sidewall spacer for the P-channel 

25 transistor lateral to the second gate and forming a third sidewall spacer for the N-channel 
transistor lateral to the first sidewall spacer and a fourth sidewall spacer for the P-channel 
transistor lateral to the second sidewall spacer. The method further includes providing a first 
mask over the first gate and implanting dopants, while the first mask is over the first gate, of a 
first conductivity type into the substrate, removing the first mask after the implanting the 

30 dopants of the first conductivity type, and providing a second mask over the second gate. The 
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method further includes implanting dopants, while the second mask is over the second gate, 
of a second conductivity type into the substrate and removing the third sidewall spacer while 
the second mask is over the second gate. 

[0052] While particular embodiments of the present invention have been shown and 
described, it will be recognized to those skilled in the art that, based upon the teachings 
herein, further changes and modifications may be made without departing from this invention 
and its broader aspects, and thus, the appended claims are to encompass within their scope all 
such changes and modifications as are within the true spirit and scope of this invention. 
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